The cytoplasm of eukaryotic cells is a very complex milieu and unraveling how its unique cytoarchitecture is achieved and maintained is a central theme in modern cell biology. It is crucial to understand how organelles and macro-complexes of RNA and/or proteins are transported to and/or maintained at their specific cellular locations. The importance of filamentous-actindirected myosin-powered cargo transport was only recently realized, and after an initial explosion in the identification of new molecules, the field is now concentrating on their functional dissection. Direct connections of myosins to a variety of cellular tasks are now slowly emerging, such as in cytokinesis, phagocytosis, endocytosis, polarized secretion and exocytosis, axonal transport, etc. Unconventional myosins have been identified in a wide variety of organisms, making the presence of actin and myosins a hallmark of eukaryotism. The genome of S. cerevisiae encodes only five myosins, whereas a mammalian cell has the
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Soldati, Geissler, and Schwarz capacity to express between two and three dozen myosins. Why is it so crucial to arrive at this final census? The main questions that we would like to discuss are the following. How many distinct myosin-powered functions are carried out in a typical higher eukaryote? Or, in other words, what is the minimal set of myosins essential to accomplish the multitude of tasks related to motility and intracellular dynamics in a multicellular organism? And also, as a corollary, what is the degree of functional redundancy inside a given myosin class? In that respect, the choice of a model organism suitable for such an investigation is more crucial than ever. Here we argue that Dictyostelium discoideum is affirming its position as an ideal system of intermediate complexity to study myosin-powered trafficking and is or will soon become the second eukaryote for which complete knowledge of the whole repertoire of myosins is available.
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A VIEW OF CELLULAR CYTOARCHITECTURE

Cytoplasmic Trafficking: Problems and Solutions
Cytosolic proteins are highly concentrated (over 200 mg/mL) and partly present in the form of filamentous meshworks. This results in a macromolecular crowding, which offers a strong resistance to diffusion (1) and leads to steric exclusion of particles from actin-rich cytoplasmic domains (2) . The size cutoff being in the range of 30 to 50 nm, many cytosolic particles made of proteins (proteasome or chaperone complexes), RNA and proteins (ribosomes or mRNPs), as well as all types of vesicles and entire organelles have a size comparable or superior to that exclusion limit. This is also true for the intracellular parasites or invaders, being of eukaryotic, bacterial, or viral origins. Therefore, these particles have to be moved around along cytoskeletal tracks, powered by molecular motors. Fig. 1 . Phylogenetic analysis of the myosin superfamily. The tree presented here was compiled using the ClustalW package, and visualized with the TreeView freeware. Only 48 representative full-length myosin sequences among the over one-hundred present in the databases were used, and all the sequences available for D. discoideum (full length or partial) with the exception of MyoF, as the fragment known is too short to result in meaningful classification. Note also that the tree was computed using the complete
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The mechanochemical enzymes that use filamentous actin as support to direct movement belong to one of the 15 classes of the expanding superfamily of myosin molecules ( Fig. I and reviewed in ref. 3) , class XV is a very recent addition (4, 5) . The paradigm member of the family is the classical, filament-forming myosin II that powers muscle contraction (6) . The so-called unconventional or nonfilament-forming myosins are being described in a wide variety of organisms, from yeast to mammals and from amoebae to plants, and their number is increasing much faster than the number of cellular functions that can be ascribed to them. Nevertheless, it has been shown that phagocytosis (7) and references therein) as well as part of axonal transport (8) and exocytosis (9) are actin-based movement. Endocytosis in yeast (10) , vertebrates (11) and amoebae (12, 13) , polarized secretion in yeast (14) , and fungi (15) , vacuole inheritance in yeast (16) , contractile vacuole function in amoebae (17) , as well as blastoderm cellularization and cytoplasmic transport of particles in Drosophila (18, 19) , require specific myosin motors. Myosin V has now been shown to power the redistribution of melanosomes in mouse melanocytes (20, 21) , as well as in fish and Xenopus melanophores (22, 23) . Myosin V is also a constituent of synaptic vesicles and somehow contributes to their exocytosis (24, 25) . The recent finding of a myosin V playing a crucial role in mating-type switching in S.
cerevisiae (26, 27) opens the door to the discovery of many more exotic roles for myosins. Also, the relevance of myosin for mammalian physiology and pathology was recently emphasized by the finding that five genetic diseases are associated with mutations in myosins: some cardiomyopathies with the cardiac myosin II gene (reviewed in ref. 28); Griscelli's disease with a myosin V (29); Usher 1 and 2, two deafness syndromes, with myosin VII (30) (31) (32) and XV, respectively (4,5); Snell's waltzer, a deaf-blindness syndrome, as well as a nonsyndromic sensorineural deafness with myosin VI (33) . Interestingly, evidence for interconnections and cooperation between the microtubule and actin filamentous systems and their respective motors is rapidly accumulating (34) . For example, many organelles previously shown to be bound to and transported along microtubules have now also been shown to bind and be transported along actin filaments, such as melanosomes (22, 23, 35) , mitochondria (36) , elements of the endoplasmic reticulum (37) , or phagosomes (38) .
A myosin of the class V shares one of its light chains with dynein Exploring the Myosin Repertoire 393 (39) and a Drosophila myosin VI binds to the fly homolog of CLIP170, an endosomal microtubule binding protein (40) .
Myosins are Tripartite Modular Motors
Despite this apparently untractable complexity, some unifying principles emerge from structural comparison among myosins. All the myosin molecules are modular motors made up of three main structural domains. It is remarkable that every domain is potentially the site of independent regulation or carries sequence motifs that are predicted to be involved in signal transduction pathways (41) .
The N-terminal domain is the actin binding motor unit per se,
where the chemical energy stored in ATP is transformed in a power stroke along actin filaments. This domain and especially the ATP binding pocket is highly conserved, reflecting the extreme conservation of its function (6) . The crystal structure of the myosin II head domain has been solved and is used as a reference for the predicted structure of all the members of the superfamily. Because of their flexibility, two surface loops were not resolved. These loops are located at the actin contact interface (loop 2) and over the "mouth" of the ATP binding pocket (loop 1) and proposed to modulate actin-binding and exchange of ATP and its hydrolysis products, respectively (42) . Another structural characteristic of most myosin motor domains is the presence of a negatively charged residue at a very precise position, shown to be crucial for activity. This residue can be an Asp (D) or Glu (E), as in most myosins, or a phosphorylatable Ser (S) or Thr (T) residue, as in myosins of class I and VI, thus obeying the socalled "TEDS rule" (43) . It was recently shown that the kinases involved, the myosin I heavy chain kinases (MIHCK), are members of the PAK/Ste20 family of kinases, which are in turn regulated by the GTP bound form of small GTPases of the rho/rac/cdc42 family (44, 45) .
The middle domain or neck is an extended o~-helix thought to act as a lever arm (46) [51] ). Regulatory effects of calcium/calmodulin on myosin I in vitro are well described (52) . The exceptional divergence observed in myosin tail domains is indicative of the diversity in function, or as generally proposed, may reflect the diversity of cargoes that are transported along actin filaments. The biochemical properties of some tail domains give us clues about possible functionality (see [53] and [3] for recent reviews). Some stretches have a high propensity to form a coiled-coil, which is proposed to induce the formation of dimers. In myosin Is, the tail homology I (TH1) domains were shown to have high-affinity phospholipid-binding sites (54, 55) , whereas the TH2 domains possess ATP-independent actin binding sites (56, 57) . A domain found in the tail of myosin VII and X has high homology to the membrane-binding domain of the talin/Band-4.1 family proteins. Pleckstrin-homology domains are found in myosin X, and might mediate binding to either phosphoinositides or proteins such as the [3-subunit of the trimeric G proteins (58) . Other types of domains have been shown to bind proteins involved in signal transduction cascades, including SH3 domains, and a chimaerin-like GTPase-activating domain for a small GTPase of the rho family (59, 60) .
In view of this structural and functional complexity, the myosin research would highly benefit from the integration of multidisciplinary studies in one genetically and biochemically tractable model organism, which would be equally suited to a variety of morphological and microscopical investigations.
Dictyostelium discoideum as a Model Organism
D. discoideurn is a eukaryotic social amoebae that diverged in the evolution after the yeasts, but before metazoan radiation. In contrast to yeast, D. discoideum is famous as a simple model of multicellularity and performs most of the tasks typical of a higher eukaryote, such as chemotaxis, motility, differentiation, cell-cell contact, and efficient endocytosis. It is often regarded as a "minimacrophage," but the size of its genome is only a hundredth of the human genome. This organism also lives as a free cellular amoeba, feeding by phago-cytosis and endocytosis, possesses an endomembrane organization similar to higher organisms, and has already greatly contributed to our understanding of cytoskeleton and cell motility as well as of developmental and signal transduction pathways (reviewed in "Dictyostelium, A model System for Cell and Developmental Biology," Univ. Acad. Press, Tokyo, Japan, 1997). Availability of axenic laboratory strains gives access to biochemical quantities of proteins; as a haploid, it is amenable to molecular genetics, and its relatively large size makes it a suitable object for morphological observations. It is also notable that D. discoideum is a potent protein expression system and is suited to in vitro reconstitution of membrane trafficking processes and organelle motility assays. Most importantly, D. discoideum is now at the center of a coordinated international effort to perfect its position as one of the leader model organisms, including a complete physical map based on a genomic YAC library, an EST project, a bank of mutant strains obtained by random "restriction enzyme mediated insertion" (REMI) mutagenesis, proteome projects, and finally a genome sequencing project.
THE MYOSIN FAMILY IN D. DISCOIDEUM
The Myosin Repertoire Can Be Ditrided Into Four Func~'onal Categories D. discoideum won a preeminent place in the study of conventional, type II myosin, but it soon became obvious that it also expresses other, so-called unconventional myosins (61) . The whole depth of the myosin treasure trove in D. discoideum started to be better appreciated following a physical mapping of myosin loci on an ordered genomic YAC library (62) using low stringency hybridization with myosin II head probes. A complementary approach based on a potentially exhaustive PCR-screening strategy (see "A Potentially Exhaustive Screening Strategy Reveals Two Novel Divergent Myosis in Dictyostelium') strongly suggests that the final count will be close to a dozen. Figure 1 illustrates the phylogenetic relationships among the members of the myosin superfamily and emphasizes that D. discoideum possesses myosins from at least six different classes, which correlates with estimations made for the complexity of the myosin family in vertebrates (63, 64) .
The myosin world is thus born to be complex, even in D. discoideum. Therefore, the first step on the path to a better understanding has to be a dissection of the specific molecular functions of 396 Soldati, Geissler, and Schwarz each member of the family. This first phase needs to be followed by an intense effort to integrate myosin function into the big picture of cytoplasmic organization. As a blueprint and working hypothesis for both phases, we find it useful to group the myosins into four functional categories. The first includes the contractile functions, as best examplified by myosin II. The second includes functions that have mostly been ascribed to the myosin Is, such as the establishment, maintenance and regulation of cortical tension and related tasks. It thus also comprises processes involving remodeling of the cell periphery, such as endocytosis, exocytosis, and extension of actin-rich protrusions essential for motility. The third category, with myosin IX as champion, includes myosins, which can act at the crossroads of signal transduction pathways, as effectors or modulators. The fourth includes organelle transport functions, and the best example is probably myosin V, as transporter of melanosomes or yeast vacuole, and also found on synaptic vesicles. This grouping should really not be considered in absolute terms, as we are perfectly aware of its limits and of the probably high degree of crosstalk and functional overlap inside the myosin family.
D. discoideum as an Alternative-Muscle: MhcA
In order to dissect the mechanics of myosin II, the exact timing of the nucleotide cycle, and especially its synchronization with the precise rowing of the cross-bridges that power muscle contraction, some researchers have turned to an overtly simpler system. Therefore, D. discoideum is probably best known for its contribution to unraveling the function of myosin II. D. discoideum myosin II was the second myosin motor domain to be crystalized and molecular genetics has since been extensively used to map surface residues and correlate them to functions (extensively reviewed in [53] ). In addition, myosin II regulation by the binding of light chains and by phosphorylation of light and heavy chains is well established. These approaches and investigations have been thoroughly reviewed recently (53) and will not be developed in the present article.
A relative surprise concerning the function of myosin II in cytokinesis is worth mentioning here. The standard model (65), supported by evidence gathered in a variety of systems, implicate actin and myosin II in the formation of a truly contractile ring running parallel to and anchored in the plasma membrane at the cleavage furrow. Accordingly, it was suggested that myosin II null D.
Exploring the Myosin Repertoire 397 discoideum cells divide only by a "traction-mediated cytofission" mechanism (66) uncoupled from mitosis. This role has been re-evaluated in a series of recent studies. When adhering to a substratum, myosin II null cells appear perfectly capable (even though less efficiently) of dividing by a near-classical cleavage furrow contracting at the end of mitosis (67) . Other actin-binding proteins, the cortexillins (68) are suggested to somehow palliate the lack of myosin II in the establishment and contraction of the actin ring in what has been termed "attachment-assisted mitotic cleavage" (69).
Cortical Caretakers: MyoA to myoF Plus myoK
The myosin I subfamily is the most numerously represented in D. discoideum, and this has often been suggested to correlate with its extraordinary motility and plasma membrane dynamics. Nevertheless, as apparent in the structure of the phylogenetic tree of the myosin superfamily ( Fig. 1 and see [3] for the latest update), this phenomenon is not restricted to this organism, and S. cerevisiae, even though it does not face problems of motility, devotes two of its five myosin genes to myosin Is.
The mounting evidence implicating myosin Is in establishment, maintenance, and regulation of the cortical tension may well be the missing link to explain their involvement in a variety of functions all performed at the cell periphery: motility, endocytosis, exocytosis, contractile vacuole function, cell-cell contact, erection of brush border microvilli, etc. The presence of tail domains with a propensity to bind both membrane phospholipids (TH1) and actin (TH2) might explain the localization of myosin Is at the cell periphery, either directly bound to the plasma membrane (as for brush-border myosin I) or to the cortical actin cytoskeleton or to both (70) .
STRUCTURE/FUNCTION ANALYSIS
Myosin Is in D. discoideum comes in two flavors, the so-called short-and the long-tailed. The myosin Is with long tails are also named amoeboid myosin Is and comprise MyoB, MyoC, and MyoD, whereas the shorter MyoA and MyoE (and probably MyoF, of which only partial sequences are cloned) are closer relatives to the vertebrate brush-border myosin I. The tail domains of the amoeboid myosins are generally composed of three subregions sometime referred to as TH1 to TH3 (tail homology domains 1 to 3). TH1 encompasses a stretch of polybasic residues implicated in high affinity phospho- (54, 55) . The amino acid composition of TH2 (also called GPA or GPQ) is highly biased towards Gly, Pro, and basic residues such as Lys (in myoC) or Arg, as well as to a lesser degree towards Ala (in myoC and myoD) or Gin (myoB). This domain has been shown to serve as an ATP-independent secondary actin-binding site (56, 57) . In good agreement with the presence of both membrane-and actin-binding sites, myoB, myoC, and myoD have been localized at the cortex of vegetative cells and at the leading edge of motile D. discoideum cells during chemotaxis (13, (71) (72) (73) (74) . TH3 is composed of an SH3 domain which has been suggested to either bind to yet undefined partners or intramolecularly to the Pro-rich TH2 domain. The short-tailed myosins lack the TH2 and TH3 domains.
Phylogenetic analysis shows the newcomer myoK (see "A Potentially Exhaustive Screening Strategy Reveals Two Novel Divergent
Myosins in Dictyostelium") to be the most exotic member of the myosin Is, as illustrated by an oversized head, but virtual absence of tail. Its motor domain carries a 143 residues insertion in the surface "loop 1" proposed to regulate myosin velocity. This insertion is extremely rich in Gly, Pro, and Arg residues, contains a canonical SH3 binding motif, and might also serve as a binding site for profilin. The most intriguing feature is the high level of overall similarity between this insertion and the TH2 domain described above. Whether this extended loop serves as a secondary actin-binding site and whether this myosin can really function as a motor is the focus of ongoing work.
FUNCTIONAL REDUNDANCY Surprisingly, despite their clear structural differences, both types of myosin Is are involved in a complex way in cell motility and endocytosis (reviewed in [53] ). The direct role of both classes of myosin Is in such processes was established by gene disruption and antisense repression approaches. Disruptions of single myosin I genes showed only subtle alterations of cell motility, and multiple disruptions had to be performed to induce stronger phenotypic impairments. Different combinations of double and even triple mutations of myoB, myoC, myoD, or myoA resulted in strains impaired to different extents in macropinocytosis and motility, highlighting the potentially high degree of functional redundancy (12, 13, 75) . It is important to note that in a similar way, disruption of the genes for multiple actin-binding proteins was necessary to reveal strong phe-Exploring the Myosin Repertoire 399 notypic alterations (76), indicating that a certain level of redundancy is probably inherent to components of the actin cytoskeleton and associated vital functions. More recently, striking results indicated that overexpression of MyoB caused a severe defect in pinocytosis (77) . This emphasizes that unbalanced expression of a motor can be more detrimental to a given function than the mere lack of the same motor or even lack of multiple members of the same motor family. It is unclear yet whether this effect is due to the titration of an essential factor present in limited amount or is due to a detrimental gain of function. It is worth noting that both cell locomotion and endocytosis have in common not only extension of projections of the plasma membrane in the form of lamellipodiae/pseudopodiae and so-called crowns (bowl-like projections reminiscent of phagocytic cups), but also that both involve sustained growth and reinforcement of these projections in a very polarized manner. The involvement of myosin Is in endocytic mechanisms, first established in D. discoideum, is acquiring status of universality, as confirmed and extended by studies in yeast (10, 51) and mammalian cells (11) .
REGULATION
Each of the D. discoideum myosin I, including MyoK, has the phosphorylation site predicted by the TEDS rule (43) at a precise place of the actin-contact region. This phosphorylation site is embedded in a sequence shown to be the recognition motif for the myosin I heavy chain kinase (45) , a member of the PAK/Ste20 family of kinases, which are regulated by rho/rac/Cdc42 GTPases. As was previously shown for Acanthamoeba myosin Is, evidence is accumulating that phosphorylation is essential for full activity of their actin-activated ATPase (43, 78) . Correspondingly, a close homolog of Acanthamoeba myosin I heavy chain kinase (MIHCK), a kinase of the PAK/Ste20 family, has been cloned in D. discoideum and is active on MyoD (44, 79) . Soldati, Geissler, and Schwarz identification of IQ motifs in every D. discoideum myosin I except MyoK, direct evidence is still lacking for a direct binding of calmodulin to their neck domains. As mentioned above, the tail domains have been shown to contain a secondary, ATP-independent actin-binding site, a site that binds acidic phospholipids with high affinity, and an SH3 domain. The latter has been suggested to either bind intramolecularly to the Pro-rich domain containing the actin-binding site or to other molecules yet to be identified. In Acanthamoeba, a protein of 125 kDa, Acan125, was found to bind specifically to the SH3 domain of myosin IC. Acan125 has recently been shown to act as an adaptor molecule, by virtue of its "leucine-rich repeat" domain (81) . In yeast, it was recently shown that the SH3 domain of Myo5p binds to verprolin, an actin-binding protein (82) . It remains to be shown whether similar proteins also bind to the D. discoideum myosin Is SH3 domains.
Because of its peculiar arrangement and composition of domains, new understanding could come from studies of MyoK, which can somehow be considered as a natural mutant. First, its GPR domain in the loop1 may represents the translocation of an actin-binding tail domain, grafted in a loop of the motor unit. Second, the virtual absence of tail questions the quasi-dogma that myosin function has to be linked to the transport of some sort of cargo.
Middleman Between Signal Transduction and Cytoskeleton
Remodeling: MyoM
An increasing number of myosins are identified that carry motifs and domains that are usually found in factors involved in signal transduction pathways and shown to effect protein-protein interactions. Among these, the pleckstrin homology domains of myosin X and the chimaerin-like GAP domain for Rho GTPases of myosin IX are particularly exciting (59, 60) . In myosin Is, SH3 domains form the TH3 tail domain mentioned above. MyoM was identified with MyoK by a potentially exhaustive PCR-screening strategy (see "A Potentially Exhaustive Screening Strategy Reveals Two Novel Divergent Myosins in Dictyostelium'). Phylogenetic analysis of the myoM sequence does not assign it to any of the 15 known classes, although it appears to some extent related to the myosin X. The predicted MyoM exhibits unusual divergence in most of the otherwise highly conserved motifs of the motor domain. Like myosin IX, it has an exceptional insertion in loop2, close to the actin-
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Volume 30, 1999 Exploring the Myosin Repertoire 401 binding site. MyoM carries a phosphorylatable residue (a Ser) obeying the TEDS-rule (see Regulation). The neck contains at least two IQ motifs followed by 150 residues with a very high propensity to build a coiled coil. The tail contains a Dbl-homology (DH) domain, in turn followed by a pleckstrin-homology (PH) domain. This tandem array of domains is typically found in every guanine-nucleotide exchange factor (GEFs) for the small GTPases of the rac/rho family (83) . The presence in the same molecule of both a GEF domain potentially activating a GTPase of the rho/rac family and a phosphorylation site for a kinase itself regulated by such a GTPase offers attractive potential for regulatory feed-back loops. In that context, it is remarkable that mammalian cells have myosins of the class IX which were shown to downregulate a rho GTPase by acting as a GAP (59, 60 
Potential Organelle Transporters? MyoJ
Myosins of the class V are at present the best studied transporters of organelle, such as melanosomes in different types of melanocytes (20) (21) (22) (23) or the vacuole in S. cerevisiae (16) . In addition, Drosophila myosin VI has been shown to transport cytoplasmic particles of unknown identity in the oocyte (18) . Myosin V shows signs of processivity, an essential characteristic to serve as an organelle transporter ( [84] and see Conclusions and Future Perspectives). D. discoideum possesses such a myosin, MyoJ, even though its precise classification as a divergent member of the class V or as a founder of a related class XI is still a matter of debate (85, 86) . MyoJ has been tentatively localized to the contractile vacuole, and there is at the moment no strong indication for a direct role in organelle transport (87) .
In a recent attempt to find such a motor for organelle transport in D. discoideum, we identified a polypeptide that cross-reacts with an antibody directed against the Drosophila myosin VI, and showed this calmodulin-binding protein of 180 kDa to be specifically associated with the periphery of mitochondria (88) . Work in progress will soon reveal its definitive identity and assess whether it serves as a mitochondrial motor.
A Myosin Involved in Phagocytosis: MyoI
The essential role of the actin cytoskeleton in phagocytosis is presented in every textbook, but the suggested involvement of a 402 Soldati, Geissler, and Schwarz myosin lacked experimental support. Recent investigations have now filled that gap. D. discoideum strains devoid of myoI present severe defects in phagocytosis, but appear normal in other related actomyosin driven processes such as macropinocytosis and exocytosis (89) . MyoI belongs to the class VII, members of which were shown to be mutated in severe congenital deafness and deaf-blindness syndromes in mammals (30) (31) (32) (90) (91) (92) (93) . It is conceivable that the blindness accompanied by retinitis pigmentosum is resulting from a phagocytosis defect in the retinal pigmented epithelial cells. Continuation of this work will rapidly increase our understanding of the molecular mechanisms underlying phagocytic uptake and should reveal whether this myosin functions as an organelle (phagosome) transporter or in specialized aspects of cortical cytoskeleton remodeling necessary for phagocytosis to occur, similar but distinct from the role of other myosin Is in macropinocytosis.
Two "Ghosts" and One "Unclassified" Myosins: MyoG, myoL, and myoH
How many more myosins to go in D. discoideum? One other myosin, MyoH, is known from a small fragment derived by PCR using as template a YAC clone carrying a myosin locus defined by low stringency hybridization with a head probe from myoA (62) . Its identity and further characterization is underway. It is worth noting that PCR failed to retrieve myosin fragments from two other loci revealed by this physical mapping strategy, and it is not clear yet whether MyoG and MyoL really correspond to myosins too exotic to be amplified by conventional primers or were false hybridization positives. Last, low stringency hybridization with probes derived from myosin II and MyoJ potentially revealed one or a few additional members of the myosin family in D. discoideum (86) . None of these signals is attributable to the recently discovered myoK and MyoM, but could correspond to MyoG, MyoL, or MyoH.
CONCLUSIONS AND FUTURE PERSPECTIVES
The main short term objective of myosin research shall be to focus on solving two crucial questions: What is the minimal set of myosins essential to the accomplishment of the multitude of tasks imparted to a multicellular organism? What is the degree of functional redundancy inside a given myosin class, or even between classes? The light will shine through an integrated study comprising an analysis of the kinetic and motility characteristics of unconventional myosins in vitro and an investigation of their function in vivo.
The molecular details of the mechanochemical transduction of energy by the canonical muscle myosin are currently being deciphered with unprecedented precision. A comparable biochemical analysis has only been performed for very few unconventional myosins, essentially only for Acanthamoeba (reviewed in [70, 94] ) and brush border myosin Is (95) , and to a certain degree for myosin V (96) . Because of the very high degree of sequence homology it is widely assumed that unconventional myosins function in a way very similar to myosin II. Nevertheless, in order to better understand the physiological importance of the unconventional myosins, it is pertinent to test experimentally all aspects of this hypothesis. For example, the degree of processivity or lack thereof exhibited by the myosin I motors require clarification. As best pointed at in a recent review by Howard (97) , canonical myosin II is perfectly adapted to its fast rowing on actin during contraction. The many heads all have a low duty ratio, they spend very little time tightly bound to actin, but compensate by the coordinated action of hundreds of crossbridges. Such a mechanism is not adapted to the transport of cytosolic particles and organelles, and in analogy to the kinesins, one or a few motor units should be sufficient if working processively. Therefore, either some unconventional myosins differ from myosin II and are processive, or they are associated in multiheaded rafts, or they have functions that are distinct from long range directed transport. All three modes of action will likely turn out to be used by one or the other members of the huge superfamily! Dissection of myosin function in vivo is now at the forefront of research in a multitude of systems, from Acanthamoeba to Drosophila, and from Caenorhabditis to the most intricate mammalian organs such as retina and cochlea. Despite this intense effort, progress is hampered by the intrinsic complexity of the cellular systems used and of the myosin superfamily itself.
In the present review, we compiled the evidence showing that D. discoideum is an ideal system to study myosin-powered trafficking in vivo and in vitro, being both genetically tractable and a powerful expression system to produce biochemical amounts of motors for analysis. In terms of the repartition of myosins according to the four suggested functional categories, it appears that D. discoideum is 404 Soldati, Geissler, and Schwarz well endowed in all, with perhaps a slight deficit concerning the identification of dedicated organelle transporters. Ongoing work in a few laboratories shall soon provide us with a complete, even though rough, map of the myosin landscape in this organism. Finally, paraphrasing the words from Arthur Kornberg "what is true for E. coli is true for the elephant," we would like to postulate that because of its position in evolution, its intermediate complexity, what is true for D. discoideum will be true not only for the elephant, but will serve as a blueprint to understand myosin function throughout the eukaryotic world.
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